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statement  of  the  Problem  Studied 


This  research  program  has  focussed  on  selected  aspects  of  the  confinement 
of  optical  phonons  in  structured  polar  semiconductor  structures  as  well  as  on  the 
Interaction  of  carriers  with  phonons  In  such  structures. 

Summary  of  Key  Results 

During  this  research,  a  full  theory  for  single-particle  LO-  and  SO  -phonon 
interactions  In  quantum  wires  was  deyeloped.  A  principal  finding  of  the  research 
was  that  electron-SO-phonon  scattering  dominates  oyer  electron-LO-phonon 
scattering  in  quantum  wires  with  lateral  dimensions  less  than  about  60  Angstroms. 
In  addition,  substantial  progress  was  made  In  understanding  carrier  coupling  with 
interface  and  confined  phonon  modes  In  quantum-wire  and  metal-semiconductor 
structures.  In  addition,  the  influence  of  Interface  roughness  was  determined  for 
quantum-wire  structures. 

In  the  second  year  of  this  effort,  the  inyestigators  made  a  number  of 
significant  discoyeries  including:  The  fact  that  electrostatic  and  mechanical 
boundary  conditions  yield  substantially  different  interface-optical  phonon  scattering 
rates  in  quantum  wires;  interface-optical  phonons  may  contribute  more  to  inelastic 
carrier  scattering  than  confined  phonons  for  confinement  dimensions  less  than 
about  100  Angstroms;  and  the  Imposition  of  metal-semiconductor  boundary 
conditions  on  Interface-optical  phonons  may  be  used  to  eliminate  or  reduce 
inelastic  scattering  due  to  interface  optical  phonons.  The  last  discoyery  portents 
numerous  practical  applications  In  nanoscale  and  mesoscopic  electronic  and 
optoelectronic  deyices. 

During  this  same  period,  the  investigators  made  a  number  of  significant 
findings  including:  the  fact  that  the  imposition  of  metal-semiconductor  boundary 
conditions  on  Interface-optical  phonons  In  quantum  wells  and  quantum  wires  may 
be  used  to  eliminate  or  reduce  the  Inelastic  scattering  due  to  interlace  optical 
phonons;  the  fact  that  Irregular  cross  sections  In  quantum  wires  can  cause  ID 
electron  scattering  rates  to  reduce  to  the  3D  results;  the  fact  that  phonon  lifetime 
effects  dominate  over  collective  effects  In  carrier  energy  loss  due  to  LO  phonon 
emission  in  quantum  wires;  and  the  finding  that  phonon  potentials  for  double 
barrier  quantum  wells  approximate  those  for  two-heterojunction  structures  for  a 
wide  range  of  dimensional  parameters. 

Macroscopic  dielectric  continuum  models  of  optical-phonon  modes  predict 
enhancements  in  the  magnitudes  of  the  surface-optical  (SO)  modes  in  double- 
barrier  heterostructures  as  the  heterojunctlon-to-heterojunction  separation  Is 
reduced.  In  this  work,  the  ratio  of  electron  scattering  by  the  SO-phonon  modes  to 
that  by  the  (electrostatic)  confined  longitudinal-optical-(LO-)  phonon  modes  Is 
calculated  fora  GaAs/AIAs  short-period  superlattice  based  on  the  assumption  that 
electron-SO-phonon  scattering  may  be  described  by  a  scalar  potential. 


The  scaling  of  the  ratio  of  electron-SO-phonon  scattering  to  eiectron-LO-phonon 
scattering  as  function  of  the  superlattice  period  provides  a  sensitive  test  of  the 
appropriateness  of  the  scalar-potential  model.  The  effect  of  phonon  confinement 
on  electron-optical-phonon  scattering  rates  is  presented  for  rectangular  quantum 
wires  as  well.  A  major  conclusion  of  these  new  results  is  that  it  is  essential  to 
model  phonon  confinement  properly  in  predicting  carrier  transport  properties  in 
mesoscale  structures. 

Novel  quantum-effect  polar-semiconductor  devices  underlie  technologies 
portending  dramatic  enhancements  in  the  capability  to  process  information  orders- 
of-magnitude  faster  than  is  possible  currently.  In  many  of  these  quantum-effect 
devices,  charges  are  transported  in  quantum-well  and  quasl-one-dimensional 
quantum  wires  which  must  support  the  transport  of  changes  at  high  mobilities. 
However,  it  has  recently  been  demonstrated  that  longitudinal-optical  (LO)  phonons 
established  at  quantum-wire  interfaces  lead  to  dramatic  enhancements  in  mobility¬ 
degrading  carrier-phonon  interactions.  In  novel  mesoscopic  de  Broglie  wave 
devices,  LO  phonons  are  confined  in  structures  with  complex  geometries  which 
frequently  incorporate  metal-semiconductor  interfaces.  Our  recent  work  has 
resulted  in  a  theory  of  confined  and  interface  LO  phonons  in  mesoscopic  devices 
and  metal-semiconductor  interfaces  in  such  a  way  as  to  dramatically  reduce 
unwanted  emission  of  interface  LO  phonons. 

In  the  final  year  of  this  research  program,  the  theory  of  confined  and 
interface  longitudinal-optical  (LO)  phonon  Interactions  was  applied  to  predict  the 
scattering  rate  of  carriers  with  interface  LO  phonons  In  short-period  superlattices 
as  well  as  to  model  the  temperature  dependence  of  exciton  linewidths  in  lll-V 
quantum  wells.  In  addition,  Interface-LO-phonon  assisted  Gamma-X  transitions 
were  identified  in  short-period  lll-V  superlattices  based  on  the  dielectric  continuum 
model  for  phonons  and  a  modified  Kronig-Penney  model  for  the  superlattice 
Gamma  and  X  mimibands.  All  of  these  models  agree  well  with  recent  experiments 
done  by  the  international  community  and  they  confirm  our  previous  predictions  of 
the  importance  of  Interface  LO  phonon  interactions  In  narrow  quantum  well 
structures.  Separate  theoretical  efforts  have  been  directed  at  four  additional 
problems:  a  shell  model  formulation  of  confined  and  interface  LO  phonon  modes; 
a  determination  of  the  Interface  modes  in  cylindrical  quantum  wires  encapsulated 
in  metal;  a  calculation  of  the  finite  Thomas-FermI  screening  length  in  metal- 
semiconductor  systems;  and  the  formulation  of  a  model  of  acoustic  mode 
confinement  leading  to  modified  piezoelectric  Interactions  In  nanostructures.  This 
research  culminated  In  an  examination  of  the  acoustic  phonon  modes  in  selected 
structured  semiconductor  devices. 
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